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Abstract
Background: High-velocity low-amplitude (HVLA) spinal manipulation is commonly used in the treatment of spinal
pain syndromes. The mechanisms by which HVLA-manipulation might reduce spinal pain are not well understood,
but often assumed to relate to the reduction of biomechanical dysfunction. It is also possible however, that
HVLA-manipulation involves a segmental or generalized inhibitory effect on nociception, irrespective of
biomechanical function. In the current study it was investigated whether a local analgesic effect of
HVLA-manipulation on deep muscle pain could be detected, in healthy individuals.
Methods andmaterials: Local, para-spinal muscle pain was induced by injection of 0.5 ml sterile, hyper-tonic saline
on two separate occasions 1 week apart. Immediately following the injection, treatment was administered as either a)
HVLA-manipulation or b) placebo treatment, in a randomized cross-over design. Both interventions were conducted
by an experienced chiropractor with minimum 6 years of clinical experience. Participants and the researcher
collecting data were blinded to the treatment allocation. Pain scores following saline injection were measured by
computerized visual analogue pain scale (VAS) (0-100 VAS, 1 Hz) and summarized as a) Pain duration, b) Maximum
VAS, c) Time to maximum VAS and d) Summarized VAS (area under the curve). Data analysis was performed as
two-way analysis of variance with treatment allocation and session number as explanatory variables.
Results: Twenty-nine healthy adults (mean age 24.5 years) participated, 13 women and 16 men. Complete data was
available for 28 participants. Analysis of variance revealed no statistically significant difference between active and
placebo manipulation on any of the four pain measures.
Conclusion: The current findings do not support the theory that HVLA-manipulation has a non-specific,
reflex-mediated local or generalized analgesic effect on experimentally induced deep muscle pain. This in turn
suggests, that any clinical analgesic effect of HVLA-manipulation is likely related to the amelioration of a pre-existing
painful problem, such as reduction of biomechanical dysfunction.
Background
Spinal manipulation is commonly used in an effort to alle-
viate musculoskeletal pain, but the exact mechanisms by
which such treatments can reduce pain are not well under-
stood. It is commonly assumed however, that when pain
arises from biomechanical dysfunction, spinal manipula-
tion may affect pain relief through the reduction of such
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dysfunction. Pain relief following spinal manipulation is
thus assumed to indicate curative treatment of painful
biomechanical dysfunction.
A number of clinical studies now indicate, that spinal
manipulation may be a prudent choice for patients with
musculoskeletal pain, not least spinal pain syndromes
[1]. It is difficult however, to reliably identify those
patients who are most likely to benefit from spinal manip-
ulation and it is also a challenge to demonstrate the pres-
ence of biomechanical dysfunction in a valid and reliable
manner [2, 3].
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A pragmatic solution which has been suggested, is
a trial of a few treatments to assess the potential
benefit of further spinal manipulation for a given patient
[4, 5]. This is perfectly sensible, assuming that pain
relief with 2–4 such treatments indicates reduction of
some underlying painful mechanical lesion or dysfunc-
tion. However, if spinal manipulation has non-specific,
reflex-mediated pain-inhibitory effects irrespective of the
underlying cause of nociception, such pain relief may in
fact simply mask the symptoms of other painful disorders,
which are not appropriately treated with high-velocity,
low-amplitude (HVLA) manipulation. In other words:
If spinal manipulation has substantial local or regional,
non-specific analgesic effects irrespective of the cause of
pain, such treatment could potentially obfuscate serious
pathology.
Any such non-specific, reflex-mediated pain-inhibitory
effect is likely to be neurophysiological in nature and
neural mechanisms have played a central role in many
of the theoretical models of spinal manipulation. By the
same token, the first detailed theoretical model of a cen-
tral reflex-mediated nociceptive modulatory mechanism
focused specifically on the impact of mechano-sensory
input on nociceptive processing (the pain-gate theory pro-
posed by Melzack and Wall [6]). In more recent years
several studies have demonstrated that mechanical stimu-
lation such as joint manipulation/mobilization can inhibit
pain: In laboratory animal models of inflammatory joint
pain Sluka and Wright [7] and Skyba et al. [8] demon-
strated a hypoalgesic effect with joint mobilization, and
showed that this effect is mediated by serotonin and
noradrenaline sensitive pathways. Extra-cellular thalamic
recordings of nociceptive specific and wide-dynamic-
range neurons (which are known to be involved in pain
processing in states of central pain hypersensitivity) in
rats has demonstrated that HVLA manipulation raises
the mechanical response threshold, and furthermore that
variations in the manipulation amplitude, but not dura-
tion affects the resulting hypoalgesia [9, 10]. Song et al.
[11] demonstrated an effect of daily manipulations over
a week (by Activator®) on pain from nerve-root inflam-
mation, assessed by both behavioral pain measures and
intracellular recordings in rats. These findings and other
like them provide objective evidence of a central noci-
ceptive inhibitory effect of mechanical stimuli in labo-
ratory animals, which appear to be reliant on serotonin
and noradrenaline sensitive pathways, thus hinting at a
descending pain control mechanism from the periaqua-
ductal gray matter and rostro-ventral medial medulla of
the brain stem (see Lewis et al. [12] for a recent review of
conditioned pain modulation in chronic pain).
Obviously, the translational value of animal models in
pain research can be questioned [13, 14] but human
research supports the presence of hypoalgesic effects
of manipulation which are not mediated by (segmen-
tal) opioid sensitive pathways [15] and the findings
of hypoalgesia, sympathetic facilitation and changes in
motor-control by Vicenzino et al. [16, 17] and Sterling
et al. [18] support a mechanism of descending inhibitory
control from the brain stem. The later study by Bishop
et al. [19] which demonstrated changes in thermal sum-
mation pain both segmentally and caudal to the manip-
ulation also support descending inhibition as a likely
mechanism of HVLA induced hypoalgesia.
It seems plausible then, that HVLA manipulation could
exert a diffuse hypoalgesic effect on the basis of descend-
ing inhibitory control from the brain stem. A number
of factors may have influenced previous findings, includ-
ing (but not limited to) the study population, the time
scale within which the effect of HVLA-manipulation is
sought and the method with which pain sensitivity has
been examined.
Whereas the specific cause and nature of pain in clini-
cal spinal pain states is often undetermined, experimental
pain can be induced in a manner which is controlled and
well understood – researchers inducing experimental pain
know the precise nature and tissue site of the pain they
have induced and research indicates that spinal manipula-
tion has a significant analgesic effect on such experimental
pain whether induced by pressure, mechanical stretching,
capsaicin or electrical stimulation [20, 21]. Most studies
however, have examined and demonstrated that the effect
is evident at the same spinal level or in the neighbor-
ing region of the experimental pain stimulus and HVLA
manipulation.
The literature summarized by the reviews by Millan
et al. [20] and Coronado et al. [21] examines the effects
of spinal manipulation on experimental pain. Some of the
reviewed literature is on healthy volunteers [19, 22–29],
but most [16–18, 30–44] of the studies actually exam-
ine populations of patients with clinical pain conditions
ranging from mechanical neck pain and low back pain
to tender-points and latent trigger points. It is there-
for possible, that any observed local hypoalgesic effect of
spinal manipulation in those studies, is due to an effect on
the underlying painful clinical condition itself or changes
in central pain modulation specifically related to those
clinical conditions.
In order to gain a better understanding of the mech-
anisms by which spinal manipulation may afford such
hypoalgesic effects, it is necessary to distinguish between
effects inherent to the manipulation itself, and effects
mediated by the potential influence on an underlying
clinical pain condition – is any observed difference in
pain sensitivity caused by a diffuse anti-nociceptive effect
of manipulation, or by reduction of some underlying
(mechanical) painful condition, such as latent trigger
points?
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Furthermore, the manner in which experimental pain
sensitivity is tested may prove important. Research
suggests that different aspects of the pain experience are
not simple correlates [45–50]; deep and superficial pain
sensitivity may vary, as may sensitivity to different pain
modalities (thermal, chemical, mechanical, etc) and the
choice of pain indicators (thresholds, distribution, dura-
tion, modulation, quality, etc) may also be important.
The purpose of this study was examine the immediate,
local, deep-tissue hypoalgesic effect of spinal manipula-
tion in healthy volunteers with no assumption of underly-
ing painful clinical or sub-clinical conditions.
Method andmaterials
Design
A randomized, controlled, crossover study.
Recruitment
Participants were recruited from the student popula-
tion of the chiropractic degree program at the University
of Southern Denmark. Only healthy volunteers with-
out known contraindications to spinal manipulation were
invited to participate.
As part of the university degree program, all chiro-
practic students are evaluated by a certified chiropractor
during their 3rd semester, in order to detect possible con-
tradictions for HVLA manipulations. Four study partici-
pants were recruited from the 2nd semester and prior to
study participation these were interviewed and examined
for contraindications for HVLA manipulation by a senior
chiropractor at The Spinecentre of Southern Denmark,
Lillebaelt Hospital, Denmark.
Participants with chronic pain, previous back surgery,
current back problems, somatic or psychological condi-
tions were excluded.
Study participants were recruited through verbal infor-
mation in the classroom and written information was
sent electronically to those who expressed an interest in
participating.
The Regional Scientific Ethical Committee for South-
ern Denmark approved the study (S-0080137) and written
consent was obtained from all participants.
Experimental procedure
The experiment was carried out at the Spinecentre of
Southern Denmark, Lillebaelt Hospital. Two assistants
(graduate students) and two senior chiropractors from the
department conducted the study.
Participants were informed that they would receive two
effective, but different treatments and that the aim of
the study was to compare any difference in effective-
ness between them. All participants were treated on two
separate occasions at least 1 week apart and treatment
sessions were identical apart from the actual manual
treatment performed: a) activeHVLA-manipulation treat-
ment, and b) placebo treatment with an Activator instru-
ment. Participants were not informed that one of the
treatments was a placebo.
Treatments at both the first and second session were
directed at the 6th thoracic level. Allocation of treat-
ment was done randomly according to a pre-hoc com-
puter generated list in which treatment and session was
randomized, but balanced.
On each occasion, in preparation of the test proce-
dure, assistant 1 (BS) identified the spinous process of
the 6th thoracic segment through palpation (counting
down from the bony landmark of the C7 spinous pro-
cess). The T6 segment was marked with a pen and
anesthetic cream (EMLA cream, Astra Zeneca – an
eutectic mixture of the local anesthetics Lidocain and
Prilocain) was applied para-spinally on the right side of
the T6 spinous process and covered by a patch with
self-adhesive borders (Tegaderm, 5 × 7 cm) to keep the
cream in place. The anesthetic cream was applied to
ensure that experimental pain was induced primarily from
deep tissues and not from needle-puncture of superficial
structures.
After 20 min, assistant 2 (ØØO) removed the patch,
wiped off the anesthetic cream and instructed the par-
ticipant in the use of the computerized visual analogue
pain scale, before asking the participant to lie prone on a
chiropractic treatment table.
The injection point was the same for all participants;
para-spinally at T6 (center of the anesthetized area) which
was wiped down twice with alcohol swaps, as per stan-
dard aseptic injection technique. Assistant 2 proceeded
to aspirate and gradually (over approx 2 s) inject 0.5
ml sterile hyper-tonic saline solution (Sodium SAD 1
mmol/ml) at room temperature, into the right T6 para-
spinal musculature at approximately 2 cm depth. Imme-
diately thereafter, assistant 2 left the room and one
of the two senior chiropractors delivered the allocated
treatment.
Placebo treatment was performed immediately next to
the injection site. The chiropractor stabilized the chosen
segment with the left hand, while holding the activator in
the right hand, placing it on the anesthetized skin on the
right side of the transverse process. The participant was
asked to take a deep breath. Upon exhalation the Activa-
tor was pressed twice, releasing two ‘click’ sounds, while
giving no mechanical impulse (amplitude = 0 mm).
HVLA-manipulation was performed with bilateral
thenar contact (Carver bridge) on both transverse pro-
cesses on the T6 segment. The participant was asked
to take a deep breath and upon exhalation the HVLA
manipulation was administered over the segment result-
ing in a mechanical impulse, in most instances with an
accompanying articular cavitation.
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Immediately after administering the treatment, the chi-
ropractor left the room and (the blinded) assistant 2
returned. Assistant 2 ensured, that the participant indi-
cated the intensity of pain from the saline injection as
it developed over time (computerized VAS). The com-
puterized VAS consisted of a scale marked ‘No pain’ at
one end and ‘Worst possible pain’ at the other, corre-
sponding to a value between 0 and 100 respectively. The
VAS was sampled with a frequency of 1 Hz and data was
stored electronically, allowing for a time-series of VAS
measurements (see Fig. 1 for an illustration). During the
recording, there was complete silence and no activity in
the treatment room.
Data recording was considered complete when the
patient indicated that the pain declined to near 0 – typi-
cally within 3–5 min.
The participants were all chiropractic students with per-
sonal knowledge of spinal manipulative procedures, which
challenges the validity of the chosen placebo treatment.
For that reason, upon completion of the experimental
part of the study, 14 participants were randomly selected
for a phone interview and questioned if they had, at any
point been aware that one of the treatments was a placebo
treatment.
Data
The VAS data was summarized as four outcome variables:
a) duration of pain, b) max VAS value, c) time from pain
onset to max VAS value and d) accumulated area under
the curve (VAS over time). See Fig. 1 for an illustration.
Statistical analysis
Data are presented as median values with minimum, max-
imum and 1st and 3rd quartiles. The results are analyzed
with two-way Anova with treatment allocation and ses-
sion number as explanatory variables. Homogeneity of
variance was analyzed with Fligner-Killeen test. An alpha
level of 5% was considered statistically significant. Analy-
sis was performed using R version 3.0.2 (2013-09-25) for
Linux [51].
Results
A total of 29 participants took part in the study; 13 women
and 16 men (mean age 24.5 years).
No complications or side effects were reported by any
of the participants and there were no dropouts. Due to
technical computer problems however, raw data for 1 par-
ticipant (male) was lost, leaving complete data for both
sessions for 28 subjects.
Fig. 1 Illustration of computerized VAS data. Pain intensity was measured using an on-screen visual analogue pain scale (insert in figure) controlled
by the participant with a common computer trackball. The pain intensity was sampled with a frequency of 1 Hz and the resulting time-series data is
illustred in the graph
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Fourteen (14) participants received the active treatment
on the first session (and placebo on the second), and vice
versa.
The median duration of saline induced pain was 219 s
(min = 101, 1. quartile = 178, 3. quartile = 274, max =
433), the median maximum VAS was 48 VAS (min = 7,
1.quartile = 35, 3.quartile = 66, max = 98), the median
time from pain onset to max VAS was 44.5 s (min =
1, 1.quartile = 27, 3.quartile = 90.25, max = 143) and
themedian area-under-the-curve was 6117 VAS×seconds
(min = 1019, 1.quartile = 3572, 3.quartile = 9182, max =
25010).
Fligner-Killeen test of homogeneity of variance for each
of the four outcome variables, by each of the two explana-
tory variables yielded P values between 0.26 and 0.92, i.e.
no heteroscedasticity of variance was observed.
Two-way analysis of variance revealed no significant
differences in the 4 outcome variables by either explana-
tory variable, with one exception: A significant effect (p =
0.005) of session number on duration of pain was found,
with longer duration of pain on the first session (mean =
256 s, 95% QI [227;285]) compared to the second session
(mean = 202 s, 95% QI [178;226]).
A post-hoc power-calculation (based on paired t-test)
revealed, that with n = 28, alpha = 0.05 and beta = 0.8,
a moderate effect size (0.55) would have been detected if
present.
None of the 14 randomly selected participants inter-
viewed following the experiment indicated that they had
any suspicion that the Activator treatment had been a
placebo treatment.
Discussion
If the effects of HVLA-manipulation was due primarily
to an immediate, non-specific and reflex-mediated inhi-
bition of nociception, we would have expected to observe
a difference in saline induced pain in the current study
between active and placebo treatment, but no such differ-
ence was observed.
Current findings in relation to previous publications
At first, the present findings appear to be in contrast to
most of the published literature on HVLA-manipulation
and experimentally induced pain, as summarized in the
two recent reviews by Millan et al. and Coronado et al.
[20, 21]. The authors reported significant pain inhibitory
effects of HVLA-manipulation on experimentally induced
pain.
However, the published literature was mostly based
on populations with clinical or sub-clinical conditions
[16–18, 30–44], i.e. patients with clinical pain states
such as neck and low back pain, or non-clinical pop-
ulations in which HVLA-manipulation was directed at
tissues identified as pain hypersensitive (tender-points,
trigger points). In those instances, it is unclear whether
any effect of HVLA-manipulation should be ascribed to
a non-specific reflex-mediated pain-inhibitory effect of
the manual procedure itself, or a specific effect on the
(sub-)clinical condition. In the present study, manipula-
tion was not directed at any such clinical or sub-clinical
condition and all participants were tested (arbitrarily) at
the T6 segment. Any effect of HVLA-manipulation, had
it been observed in the present study could thus have
been ascribed to such non-specific, reflex-mediated pain
inhibition.
Of the previous studies investigating healthy, pain
free participants [19, 22–29] reviewed by Millan et al.
and Coronado et al., the majority relied on pressure-
pain thresholds and reported contradictory findings:
Fernández-de-las-Penãs et al. [22, 23] used placebo-
controlled designs and demonstrated an increase in pres-
sure pain thresholds following cervical manipulation. This
is in contrast to the controlled studies by Hamilton [25]
and Soon [27], who reported no effect of manipulation
on pressure pain thresholds. The study by Bishop et al.
[19] which also involved a control group found a dif-
ference in thermal sensory summation between groups,
but no difference in pressure pain or thermal pain
thresholds.
The studies by Krouwel et al. [26] and Willet et al.
[29] are harder to interpret as they did not involve clear-
cut control groups: There is a tendency for experimental
pain sensitivity to be higher on the first test, compared
to subsequent tests which was also the finding in sev-
eral of the papers discussed here – this underlines the
importance of a control group in paired before/after pain
sensitivity studies. In any case, the studies by Krouwel
et al. [26] and Willet et al. [29] are similar in several
respects, and while they both include a treatment group
receiving simple sustained (quasi-static) pressure which
could be interpreted as a minimalist intervention con-
trol group, this is not clearly stated. In any case, no
group differences in pain thresholds are reported in either
study.
Finally, the studies by George et al. [24] and Terrett
and Vernon [28] both employed superficial pain stimuli
(thermal and electrical, respectively).Whereas Terrett and
Vernon reported a 140% increase in superficial pain tol-
erance thresholds following manipulation, George et al.
reported only few differences between those receiving
manipulation, performing extension exercises or sim-
ply riding a stationary bicycle. Clearly, the literature on
manipulation induced hypoalgesia in healthy, pain-free
subjects is not concordant.
Care should be exercised when comparing ani-
mal and human pain research, but as described in
the Background section, animal research indicates the
presence of a non-specific anti-nociceptive effect of
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manipulation, possibly based on descending inhibitory
control. The current findings did not demonstrate such an
effect.
Differences between the presentmethodology and previous
publications
The present study differs from the previously published
literature on HVLA manipulation in the choice of pain
stimulus: intra-muscular injection of hyper-tonic saline.
Most of the previously published studies have used either
pressure pain thresholds or superficial (skin) stimuli
[20, 21]. Injection of hyper-tonic saline is a common
experimental model of muscle pain [52], albeit less com-
mon than the ubiquitous pressure algometer. Slater et al.
[53] also induced experimental pain by injection of hyper-
tonic saline, albeit in adjunct to delayed onset muscle
soreness (DOMS) of the extensor carpi radialis mus-
cle and reported no difference in saline pain intensity,
nor in pressure pain sensitivity following mobilization-
with-movement manual therapy compared to placebo. In
this respect, the present study is in alignment with the
methodology and findings of Slater et al.
Although the specific seat and nature of most clinical
spinal pain states for which spinal manipulation is used
is unknown, it is rarely thought to originate in super-
ficial structures, such as skin, subcutaneous connective
tissues, etc. Furthermore, spinal manipulation is typically
administered in an attempt to affect deep tissues such as
facet joints, intervertebral disks and segmental muscu-
lature, but obviously also affects superficial tissues. The
use of intra-muscular injection of hyper-tonic saline and a
superficial anesthetic cream in the present study was cho-
sen to ensure that the pain stimulus was indeed primarily
delivered to deep spinal tissues.
The anesthetic cream was applied to reduced the super-
ficial pain of the needle puncture and thus ensure that the
induced experimental pain stemmed primarily from the
deep intra-muscular saline. Whereas the cream will not
have affected the deep experimental pain to any appre-
ciable degree, it could arguably have affected the profile
of sensory input in relation to the manipulation. The
current study was not designed to cast light on any (poten-
tial) effect of superficial sensation or anesthesia on the
effects of spinal manipulation, but this might be worth
investigating in future research.
Conversely, the clinical pain for which HVLA spinal
manual therapy is delivered, is of longer duration than
the experimental pain induced in the current study –
typically 2–4 min. This is a potential limitation of the
current design and if, as some animal research indi-
cates HVLA manipulation exerts anti-nociceptive effects
through descending inhibitory control, a much longer
time-frame is likely necessary to demonstrate such effects.
As there is no consensus on which experimental pain
stimulus best simulate clinical pain or which tests most
reliably reveals changes in pain sensitivity, a selection
of diverse pain stimuli and measures are often recom-
mended. In the present study only a single pain stimuli
was used, however it could be argued that deep mus-
cle pain more closely resembles clinical back pain than
mechanical pressure or superficial thermal or electrical
stimuli. The outcome measures used in the present study
were related to several aspects of the pain experience: pain
onset, intensity and duration. Other aspects such as pain
detection- and tolerance threshold, spatial distribution,
qualitative pain description, conditioned pain modula-
tion and others could equally have been relevant, but as
always a balance had to be struck between feasibility and
methodological rigor.
Several studies in the pain literature conclude that pain
sensitivity is complex and multi-modal, and that ade-
quate assessment requires a battery of different quanti-
tative sensory tests of pain sensitivity [45–50, 54]. The
only study published on the generalizability of quantita-
tive sensory testing of experimental pain [54], suggests
that composite pain scores, such as those affected by e.g.
both pain intensity and duration, offer greater generaliz-
ability than single scores such as e.g. pain threshold. We
can not exclude however, that group differences could
have been revealed by other quantitative sensory pain
tests.
As an incidental finding, significantly longer pain dura-
tion on the first session, compared to the second session,
was observed. This is not unusual in experimental pain
research and is likely due to a degree of anxiety and unfa-
miliarity with the pain stimulus in the first session. For this
reason some researchers employ an ‘introductory’-session
to familiarize study participants with the stimulus, some
time well in advance of the actual study. This was not the
case in the present study; instead the effect was countered
by random allocation of treatments to session 1 and 2.
Study population
A potential limitation of the current study was the study
population: students recruited from the chiropractic pro-
gram at the University of Southern Denmark. This repre-
sents a potential bias, as the study population has prior
knowledge of manipulative techniques and therefor might
be in a position to recognize the placebo treatment as
such. The study population was chosen for practicality,
availability and economy, despite the potential sources of
bias. According to Vernon et al. [55] it is difficult, but pos-
sible to construct a valid placebo treatment for manual
procedures if it meets the following criteria; 1) the inter-
vention should have no significant treatment effect and 2)
the subject should be unable to determine whether they
have received a sham treatment. All participants in the
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current study were unaware of the order of treatment and
the existence of a placebo intervention, and none of the
14 participants, randomly chosen for interview after the
study were aware of the use of a placebo treatment. We
would thus argue that the inactivated Activator treatment
represents a true placebo treatment in the current study.
Interpretation of findings
The current findings should not be over-interpreted.
They indicate however, that HVLA-manipulation does
not affect an immediate non-specific, reflex-mediated
inhibition of deep-tissue segmental pain. Indirectly the
findings thus lend support to the assumption that pain
relief from HVLA-manipulation is likely to represent
reduction of pain from some underlying painful condition,
e.g. biomechanical dysfunction. This, in turn, suggests
that the approach recommended by Leboeuf-Yde et al. and
Axén et al. [4, 5], with a trial of 2–4 treatments to assess
the effect of HVLA-manipulation is indeed a pragmatic
and safe one. As stated above however, necessary choices
regarding pain stimulus, pain measures, time frame etc
should temper the conclusions based on a single study.
Future studies should take into consideration both the
study population, the test- and treatment-sites and the
chosen outcomemeasures.When quantifying experimen-
tally induced pain in participants with painful clinical
conditions, it becomes difficult to separate the intrinsic
effects of HVLA manipulation from those of a clinical
effect on the underlying cause of pain. Furthermore, if
the intent is to disentangle the underlying neurological
mechanisms of HVLA-manipulation induced hypoalge-
sia, test sites should be chosen which are appropriate for
the hypothesis; local, segmental or generalized effects.
And finally, the choice of pain measures is important and
a battery of tests covering both different pain modalities
and response domains is to be preferred.
Conclusion
The current study indicates, that HVLA-manipulation
does not have an immediate non-specific, reflex-mediated
local hypoalgesic effect on experimentally induced deep
para-spinal muscle pain in healthy volunteers after skin
anesthesia.
Competing interests
The authors declare that they have no competing interests.
Author’s contributions
All authors contributed to the study design. ØØO and BS contributed to data
collection and analysis. ØØO and SON contributed to manuscript preparation.
All authors read and approved the final manuscript.
Author details
1Spine Centre of Southern Denmark, Lillebælt Hospital, Østre Hougvej 55,
5500 Middelfart, DK, Denmark. 2Institute of Regional Health Research,
University of Southern Denmark, Campusvej 55, 5230 Odense, DK, Denmark.
3Stathelle Healthcentre, Brugata 10, 3960 Stathelle, Norway.
Received: 3 March 2015 Accepted: 31 July 2015
References
1. Clar C, Tsertsvadze A, Court R, Hundt GL, Clarke A, Sutcliffe P. Clinical
effectiveness of manual therapy for the management of musculoskeletal
and non-musculoskeletal conditions: systematic review and update of UK
evidence report. Chiropr man ther. 2014;22(1):12. Accessed 2014-10-09.
2. Hestœk L, Leboeuf-Yde C. Are chiropractic tests for the lumbo-pelvic
spine reliable and valid? a systematic critical literature review.
J Manipulative Physiol Ther. 2000;23(4):258–75. Accessed 2014-10-17.
3. Huijbregts PA. Spinal motion palpation: A review of reliability studies.
J Man Manip Ther. 2002;10(1):24–39. Accessed 2014-10-17.
4. Leboeuf-Yde C, Grønstvedt A, Borge JA, Lothe J, Magnesen E, Nilsson
Ø, et al. The nordic back pain subpopulation program: demographic and
clinical predictors for outcome in patients receiving chiropractic
treatment for persistent low back pain. J Manipulative Physiol Ther.
2004;27(8):493–502.
5. Axén I, Jones JJ, Rosenbaum A, Lövgren PW, Halasz L, Larsen K, et al.
The nordic back pain subpopulation program: validation and
improvement of a predictive model for treatment outcome in patients
with low back pain receiving chiropractic treatment. J Manipulative
Physiol Ther. 2005;28(6):381–5.
6. Melzack R, Wall PD. Pain mechanisms: a new theory. Science
(New York, N Y). 1965;150(3699):971–9.
7. Sluka KA, Wright A. Knee joint mobilization reduces secondary
mechanical hyperalgesia induced by capsaicin injection into the ankle
joint. Eur J Pain. 2001;5(1):81–7. doi:10.1053/eujp.2000.0223. Accessed
2015-05-19.
8. Skyba DA, Radhakrishnan R, Rohlwing JJ, Wright A, Sluka KA. Joint
manipulation reduces hyperalgesia by activation of monoamine
receptors but not opioid or GABA receptors in the spinal cord. Pain.
2003;106(1–2):159–68.
9. Reed WR, Pickar JG, Sozio RS, Long CR. Effect of spinal manipulation
thrust magnitude on trunk mechanical activation thresholds of lateral
thalamic neurons. J Manip Physiol Ther. 2014;37(5):277–86. doi:10.1016/
j.jmpt.2014.04.001.
10. Reed WR, Sozio R, Pickar JG, Onifer SM. Effect of spinal manipulation
thrust duration on trunk mechanical activation thresholds of
nociceptive-specific lateral thalamic neurons. J Manipulative Physiol Ther.
2014;37(8):552–60. doi:10.1016/j.jmpt.2014.08.006.
11. Song XJ, Gan Q, Cao JL, Wang ZB, Rupert RL. Spinal manipulation
reduces pain and hyperalgesia after lumbar intervertebral foramen
inflammation in the rat. J Manip Physiol Ther. 2006;29(1):5–13.
doi:10.1016/j.jmpt.2005.10.001.
12. Lewis GN, Rice DA, McNair PJ. Conditioned pain modulation in
populations with chronic pain: a systematic review and meta-analysis.
J Pain. 2012;13(10):936–44.
13. Mogil JS. Animal models of pain: progress and challenges. Nat Rev
Neurosci. 2009;10(4):283–94. doi:10.1038/nrn2606. Accessed 2015-05-26.
14. Olesen AE, Andresen T, Staahl C, Drewes AM. Human experimental pain
models for assessing the therapeutic efficacy of analgesic drugs.
Pharmacol Rev. 2012;64(3):722–79. doi:10.1124/pr.111.005447. Accessed
2015-05-26.
15. Paungmali A, O’Leary S, Souvlis T, Vicenzino B. Naloxone fails to
antagonize initial hypoalgesic effect of a manual therapy treatment for
lateral epicondylalgia. J Manip Physiol Ther. 2004;27(3):180–5.
doi:10.1016/j.jmpt.2003.12.022.
16. Vicenzino B, Collins D, Wright A. The initial effects of a cervical spine
manipulative physiotherapy treatment on the pain and dysfunction of
lateral epicondylalgia. Pain. 1996;68(1):69–74.
17. Vicenzino B, Collins D, Benson H, Wright A. An investigation of the
interrelationship between manipulative therapy-induced hypoalgesia
and sympathoexcitation. J Manipulative Physiol Ther. 1998;21(7):448–53.
18. Sterling M, Jull G, Wright A. Cervical mobilisation: concurrent effects on
pain, sympathetic nervous system activity and motor activity. Man Ther.
2001;6(2). doi:10.1054/math.2000.0378.
19. Bishop MD, Beneciuk JM, George SZ. Immediate reduction in temporal
sensory summation after thoracic spinal manipulation. Spine J.
2011;11(5):440–6. doi:10.1016/j.spinee.2011.03.001.
O’Neill et al. Chiropractic &Manual Therapies  (2015) 23:25 Page 8 of 8
20. Millan M, Leboeuf-Yde C, Budgell B, Amorim M-A. The effect of spinal
manipulative therapy on experimentally induced pain: a systematic
literature review. Chiropr Man Therap. 2012;20(1):26.
21. Coronado RA, Gay CW, Bialosky JE, Carnaby GD, Bishop MD, George SZ.
Changes in pain sensitivity following spinal manipulation: A systematic
review and meta-analysis. J Electromyogr Kinesiol. 2012;22(5):752–67.
Accessed 2014-10-09.
22. Fernandez-de-Las-Penas C, Alonso-Blanco C, Cleland JA,
Rodriguez-Blanco C, Alburquerque-Sendin F. Changes in pressure pain
thresholds over C5-C6 zygapophyseal joint after a cervicothoracic
junction manipulation in healthy subjects. J Manipulative Physiol Ther.
2008;31(5):332–7. doi:10.1016/j.jmpt.2008.04.006.
23. Fernandez-de-las-Penas C, Perez-de-Heredia M, Brea-Rivero M,
Miangolarra-Page JC. Immediate effects on pressure pain threshold
following a single cervical spine manipulation in healthy subjects.
J Orthop Sports Phys Ther. 2007;37(6):325–9. doi:10.2519/jospt.2007.2542.
24. George SZ, BishopMD, Bialosky JE, Zeppieri GJ, RobinsonME. Immediate
effects of spinal manipulation on thermal pain sensitivity: an experimental
study. BMC Musculoskelet Disord. 2006;7:68. doi:10.1186/1471-2474-7-68.
25. Hamilton L, Boswell C, Fryer G. The effects of high-velocity,
low-amplitude manipulation and muscle energy technique on
suboccipital tenderness. Int J Osteopathic Med. 2007;10(2–3):42–9.
doi:10.1016/j.ijosm.2007.08.002. Accessed 2015-04-29.
26. Krouwel O, Hebron C, Willett E. An investigation into the potential
hypoalgesic effects of different amplitudes of PA mobilisations on the
lumbar spine as measured by pressure pain thresholds (PPT). Man Ther.
2010;15(1):7–12. doi:10.1016/j.math.2009.05.013.
27. Soon BTC, Schmid AB, Fridriksson EJ, Gresslos E, Cheong P, Wright A. A
crossover study on the effect of cervical mobilization on motor function
and pressure pain threshold in pain-free individuals. J Manipulative
Physiol Ther. 2010;33(9):652–8. doi:10.1016/j.jmpt.2010.08.014.
28. Terrett AC, Vernon H. Manipulation and pain tolerance. A controlled
study of the effect of spinal manipulation on paraspinal cutaneous pain
tolerance levels. Am J Phys Med. 1984;63(5):217–25.
29. Willett E, Hebron C, Krouwel O. The initial effects of different rates of
lumbar mobilisations on pressure pain thresholds in asymptomatic
subjects. Man Ther. 2010;15(2):173–8. doi:10.1016/j.math.2009.10.005.
30. Bialosky JE, Bishop MD, Robinson ME, Zeppieri GJ, George SZ. Spinal
manipulative therapy has an immediate effect on thermal pain sensitivity
in people with low back pain: a randomized controlled trial. Phys Ther.
2009;89(12):1292–1303. doi:10.2522/ptj.20090058.
31. Côté P, Mior SA, Vernon H. The short-term effect of a spinal manipulation
on pain/pressure threshold in patients with chronic mechanical low back
pain. J Manipulative Physiol Ther. 1994;17(6):364–8.
32. de Camargo VM, Alburquerque-Sendin F, Berzin F, Stefanelli VC, de
Souza DPR, Fernandez-de-las-Penas C. Immediate effects on
electromyographic activity and pressure pain thresholds after a cervical
manipulation in mechanical neck pain: a randomized controlled trial.
J Manipulative Physiol Ther. 2011;34(4):211–20. doi:10.1016/j.jmpt.2011.
02.002.
33. Fernandez-Carnero J, Cleland JA, Arbizu RLT. Examination of motor and
hypoalgesic effects of cervical vs thoracic spine manipulation in patients
with lateral epicondylalgia: a clinical trial. J Manipulative Physiol Ther.
2011;34(7):432–40. doi:10.1016/j.jmpt.2011.05.019.
34. Fernandez-Carnero J, Fernandez-de-las-Penas C, Cleland JA. Immediate
hypoalgesic and motor effects after a single cervical spine manipulation
in subjects with lateral epicondylalgia. J Manipulative Physiol Ther.
2008;31(9):675–81. doi:10.1016/j.jmpt.2008.10.005.
35. Fryer G, Carub J, McIver S. The effect of manipulation and mobilisation
on pressure pain thresholds in the thoracic spine. J Osteopathic Med.
2004;7(1):8–14. doi:10.1016/S1443-8461(04)80003-0.
36. Mansilla-Ferragut P, Fernandez-de-Las Penas C, Alburquerque-Sendin F,
Cleland JA, Bosca-Gandia JJ. Immediate effects of atlanto-occipital joint
manipulation on active mouth opening and pressure pain sensitivity in
women with mechanical neck pain. J Manipulative Physiol Ther.
2009;32(2):101–6. doi:10.1016/j.jmpt.2008.12.003.
37. Mohammadian P, Gonsalves A, Tsai C, Hummel T, Carpenter T. Areas of
capsaicin-induced secondary hyperalgesia and allodynia are reduced by
a single chiropractic adjustment: a preliminary study. J Manipulative
Physiol Ther. 2004;27(6):381–7. doi:10.1016/j.jmpt.2004.05.002.
38. Oliveira-Campelo NM, Rubens-Rebelatto J, Marti N-Vallejo FJ,
Alburquerque-Sendi N F, Fernandez-de-Las-Penas C. The immediate
effects of atlanto-occipital joint manipulation and suboccipital muscle
inhibition technique on active mouth opening and pressure pain
sensitivity over latent myofascial trigger points in the masticatory muscles.
J Orthop Sports Phys Ther. 2010;40(5):310–7. doi:10.2519/jospt.2010.3257.
39. Parkin-Smith GF, Penter CS. A clinical trial investigating the effect of two
manipulative approaches in the treatment of mechanical neck pain: a
pilot study. J Neuromusculoskeletal Syst. 1998;1998(6):6–16.
40. Ruiz-Saez M, Fernandez-de-las-Penas C, Blanco CR, Martinez-Segura R,
Garcia-Leon R. Changes in pressure pain sensitivity in latent myofascial
trigger points in the upper trapezius muscle after a cervical spine
manipulation in pain-free subjects. J Manipulative Physiol Ther.
2007;30(8):578–83. doi:10.1016/j.jmpt.2007.07.014.
41. Shearar KA, Colloca CJ, White HL. A randomized clinical trial of manual
versus mechanical force manipulation in the treatment of sacroiliac joint
syndrome. J Manipulative Physiol Ther. 2005;28(7):493–501. doi:10.1016/
j.jmpt.2005.07.006.
42. Thomson O, Haig L, Mansfield H. The effects of high-velocity
low-amplitude thrust manipulation and mobilisation techniques on
pressure pain threshold in the lumbar spine. Int J of Osteopath Med.
2009;12(2):56–62. doi:10.1016/j.ijosm.2008.07.003. Accessed 2015-04-29.
43. van Schalkwyk R, Parkin-Smith GF. A clinical trial investigating the
possible effect of the supine cervical rotatory manipulation and the
supine lateral break manipulation in the treatment of mechanical neck
pain: a pilot study. J Manipulative Physiol Ther. 2000;23(5):324–31.
44. Vernon HT, Aker P, Burns S, Viljakaanen S, Short L. Pressure pain threshold
evaluation of the effect of spinal manipulation in the treatment of chronic
neck pain: a pilot study. J Manipulative Physiol Ther. 1990;13(1):13–16.
45. Janal MN, Glusman M, Kuhl JP, Clark WC. On the absence of correlation
between responses to noxious heat, cold, electrical and ischemic
stimulation. Pain. 1994;58(3):403–11.
46. Lautenbacher S, Rollman GB, McCain GA. Multi-method assessment of
experimental and clinical pain in patients with fibromyalgia. Pain.
1994;59(1):45–53.
47. Hastie BA, Riley JL, Robinson ME, Glover T, Campbell CM, Staud R, et al.
Cluster analysis of multiple experimental pain modalities. Pain.
2005;116(3):227–37.
48. Greenspan JD, Slade GD, Bair E, Dubner R, Fillingim RB, Ohrbach R, et al.
Pain sensitivity risk factors for chronic TMD: Descriptive data and
empirically identified domains from the OPPERA case control study.
J Pain. 2011;12(11):61–74.
49. Neziri AY, Curatolo M, NÃijesch E, Scaramozzino P, Andersen OK,
Arendt-Nielsen L, et al. Factor analysis of responses to thermal, electrical,
and mechanical painful stimuli supports the importance of multi-modal
pain assessment. Pain. 2011;152(5):1146–55.
50. O’Neill S, Manniche C, Graven-Nielsen T, Arendt-Nielsen L. Association
between a composite score of pain sensitivity and clinical parameters in
low-back pain. Clin J Pain. 2014;30(10):831–8.
51. R Core Team. R: a language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing; 2013. http://
www.R-project.org/.
52. Graven-Nielsen T, Arendt-Nielsen L. Assessment of mechanisms in
localized and widespread musculoskeletal pain. Nat Rev Rheumatol.
2010;6(10):599–606. doi:10.1038/nrrheum.2010.107. Accessed 2015-05-16.
53. Slater H, Arendt-Nielsen L, Wright A, Graven-Nielsen T. Effects of amanual
therapy technique in experimental lateral epicondylalgia. Man Ther.
2006;11(2):107–17. doi:10.1016/j.math.2005.04.005. Accessed 2015-07-09.
54. O’Neill S, O’Neill L. Improving QST reliability – more raters, tests, or
occasions? a multivariate generalizability study. J Pain. 2015;16(5):454–62.
doi:10.1016/j.jpain.2015.01.476.
55. Vernon H, MacAdam K, Marshall V, Pion M, Sadowska M. Validation of a
sham manipulative procedure for the cervical spine for use in clinical
trials. J Manipulative Physiol Ther. 2005;28(9):662–6.
